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Abstract
Several studies of peripheral measurements with near infrared spectroscopy (NIRS) and venous or
arterial occlusion have been performed in neonates. Results have been variable. Reasons include
differences in patient populations, technical aspects of the devices used or the way measurements were
made. It is therefore important that there should be common elements for measurement protocols. This
statement proposes a standardised approach to allow comparison between different study populations
and devices.
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com
 Consensus Statement 
 Neonatology 2008;94:320–322 
 DOI: 10.1159/000151655 
 Recommendations to Increase the Validity and 
Comparability of Peripheral Measurements by 
Near Infrared Spectroscopy in Neonates 
 ‘Round Table’, Section of Haematology, Oxygen Transport and Microcirculation,
48th Annual Meeting of ESPR, Prague 2007 
 G. Pichler a    M. Wolf b    C. Rollc     M.A. Weindlingd     G. Greisene     S.P. Wardlef     
P. Zaramellag     G. Naulaersh     A. Pelliceri     T. Austin j     M. Bartoccik     B. Urlesberger a  
 a  Department of Pediatrics, Medical University of Graz,  Graz , Austria;  b  Clinic for Neonatology, University Hospital, 
 Zurich , Switzerland;  c  Department of Neonatology and Pediatric Intensive Care, Vestische Kinder- und
Jungendklinik,  Datteln , Germany;  d  Neonatal Unit, Liverpool Women’s Hospital,  Liverpool , UK;  e  Department of 
Neonatology, Rigshospitalet,  Copenhagen , Denmark;  f  Nottingham University Hospitals NHS Trust,
 Nottingham , UK;  g  NICU – Department of Pediatrics, University of Padova,  Padova , Italy;  h  Department of
Paediatrics, University Hospital Leuven,  Leuven , Belgium;  i  Department of Neonatology, La Paz University Hospital, 
 Madrid , Spain;  j  Institute for Women’s Health, University College London,  London , UK, and
 k  Neonatal Research Unit, Astrid Lindgren’s Children’s Hospital, Karolinska University Hospital,  Stockholm , Sweden
 
 There have been several studies of peripheral oxygen-
ation in neonates using near infrared spectroscopy 
(NIRS) and venous or arterial occlusion  [1–5] . Results 
have been variable, e.g. calf oxygen consumption (VO 2 ) 
in healthy term neonates ranged between 3.2  8 1.7  [5] 
and 9.7  8 2.2   mol/100 ml/min  [3] . Forearm VO 2 mea-
surements as high as 26.8 (16.7–36.6)   mol/100 ml/min 
have been reported in stable preterm infants without re-
spiratory or inotrope support  [4] . These variations may 
have been due to differences in study populations, but 
may also be attributable to the devices having different 
technical specifications or different measurement proto-
cols being used.
 The research question will determine the study popu-
lation, and technical advances (e.g., continuous wave, 
time domain, frequency domain) will allow for new pos-
sibilities. However, devices from different companies do 
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 Abstract 
 Several studies of peripheral measurements with near infra-
red spectroscopy (NIRS) and venous or arterial occlusion 
have been performed in neonates. Results have been vari-
able. Reasons include differences in patient populations, 
technical aspects of the devices used or the way measure-
ments were made. It is therefore important that there should 
be common elements for measurement protocols. This 
statement proposes a standardised approach to allow com-
parison between different study populations and devices. 
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not have common technical specifications and employ 
different algorithms. It is therefore all the more impor-
tant for measurement protocols to have standardised fea-
tures so that comparison can be made between measure-
ments on different study populations using different de-
vices.
 Clinical Items 
 Body movements increase blood flow and O 2 con-
sumption  [6, 7] and have to be distinguished from mea-
surements made at rest. Because it is practically impos-
sible to make comparable and reproducible forearm or 
calf measurements during exercise in neonates, only 
measurements made with the subject at rest will allow for 
comparable and reproducible results. The duration of the 
period before a measurement must be sufficient to achieve 
a steady state and must be reported. In children and ado-
lescents, it took 2 min for forearm blood flow to return to 
pre-exercise levels  [6] .
 Since the peripheral circulation, in particular venous 
drainage, is affected by hydrostatic pressure, it is impor-
tant to standardise the position of the limb in relation to 
the level of the heart. The lower the position of the limb, 
the longer it will take for the NIRS signal to return to its 
baseline level. We therefore recommend positioning the 
limb just above mid-sternal level, i.e. the level of the heart. 
The position of the infant’s body, which is usually with 
the head slightly elevated when receiving intensive care, 
may also influence venous drainage. To establish a con-
sistent baseline measurement, we recommend that (a) the 
duration of the recovery period, (b) the baby’s position, 
and (c) the degree to which the limb is elevated (if at all) 
are reported.
 Application and Methodical Items 
 The description of the position of the NIRS probes 
should include the exact position on the limb and the dis-
tance between the light detector and sensor. If the reflec-
tion method is used, the lateral forearm or the calf (just 
below the joint) are convenient sites from which to take 
reference measurements. Circular fixation of the NIRS 
probes should be avoided because this can produce pres-
sure, which may be greater than venous pressure. To en-
sure that the signal penetration depth does not exceed the 
diameter of the limb, the distance between the light de-
tector and sensor should be less than the diameter of the 
limb. The distance between the source and the detector 
should be at least 1 cm and ideally  6 2 cm to fulfil the 
mathematical assumptions on which the relevant calcu-
lations depend. Subcutaneous adipose tissue thickness 
may influence the results  [1] and should be measured by 
ultrasound. The differential path-length factor, which 
varies between publications, should be reported. If arte-
rial or venous occlusions are performed with a cuff 
around the upper arm or thigh, the pressure used should 
take into account arterial diastolic and systolic blood 
pressures. For a venous occlusion, the pressure should be 
 ! 10 mm Hg below diastolic arterial pressure to ensure 
that the arterial flow is unaffected. For an arterial occlu-
sion, the cuff pressure should be at least 10 mm Hg above 
systolic arterial pressure. The cuff inflation time should 
be reported and should be  ! 1 s to reduce artefact, espe-
cially if the signal obtained during the first seconds after 
the occlusion is to be analysed. 30 s of cuff inflation is 
usually sufficient  [1–5] . If repeated occlusions are per-
formed, there should be sufficient time between occlu-
sions for the signal to return to its pre-occlusion state.
 Analysis 
 When occlusions are made, the section of the signal 
that is to be analysed in relation to the occlusion should 
be clearly defined. If the first seconds of signal during an 
inflation are analysed, there is a high risk of artefact. 
When an arterial occlusion is used, regression analysis
(r 2  1 0.96) has been found to define the section with lin-
ear changes better than point-to-point analysis because 
each data point was used  [2] . Units used vary between 
publications. The transforming factors that are used 
should be reported.
 In conclusion, we hope that these recommendations 
will lead to improved comparability of peripheral mea-
surements by NIRS in neonates. Improving the reliability 
and comparability of NIRS measurements of the periph-
eral (micro)circulation and oxygenation will, we hope, 
lead to better recognition of haemodynamic disturbances 
in non-vital organs (e.g. skin, subcutaneous adipose tis-
sue, muscle) before vital organs are affected.
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